The effect of the feeding of a vitamin A-free diet on vitamin A metabolism was studied in rats by following changes in tissue distribution of the vitamin for 24 days. The serum level of vitamin A was maintained at a constant level until the last day of the experiment, by which time the liver reserve had declined to as low as one-seventh of its initial value. In contrast, the concentration of vitamin A in the kidney increased gradually in rats fed on a vitamin A-free diet and rose to levels higher than those in the liver after 24 days, whereas the kidney vitamin A concentration in the control animals remained at a constant level. In the testis, total vitamin A content increased in both the control group and that fed on a vitamin A
Summary
The effect of the feeding of a vitamin A-free diet on vitamin A metabolism was studied in rats by following changes in tissue distribution of the vitamin for 24 days. The serum level of vitamin A was maintained at a constant level until the last day of the experiment, by which time the liver reserve had declined to as low as one-seventh of its initial value. In contrast, the concentration of vitamin A in the kidney increased gradually in rats fed on a vitamin A-free diet and rose to levels higher than those in the liver after 24 days, whereas the kidney vitamin A concentration in the control animals remained at a constant level. In the testis, total vitamin A content increased in both the control group and that fed on a vitamin A free diet. However, the magnitude of increase was smaller in the latter than in the former. Replenishment of the vitamin-A depleted rats with the vitamin provoked a prompt restoration of all changes produced by feeding of the depleted diet. Possible roles of the kidney are discussed with respect to homeostatic maintenance of the vitamin in vitamin A-depleted animals.
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The basic features of the function and metabolism of vitamin A are now becoming clear (1) . Evidence has been accumulated to indicate that the metabolism of vitamin A is modulated under various nutritional, hormonal and physiological conditions (2) (3) (4) (5) (6) (7) (8) (9) . Many studies along these lines have been carried out by following changes in the tissue distribution of cold or radioactive retinoids. However, our knowledge of the mode and regulatory mechanism of vitamin A metabolism is fragmentary.
A series of studies has been undertaken in our laboratory in order to obtain primary knowledge on the regulatory mechanism of vitamin A metabolism. In the previous papers it was demonstrated that daily intermittent immobilization stress provoked a marked change in distribution of vitamin A in serum, kidney, testis and with increasing age and reached a plateau on day 17, whereas it decreased rapidly in the depleted group and reached as low as 40 µg/whole organ after 24 days (Fig. 2b) . Figure 2c shows that the testes initially contained vitamin A at an amount of about one-fivehundredth that in the livers and one-fifth that in the kidneys. Total testicular vitamin A content increased in both the control group and the depleted group during the initial 9 days and reached a plateau thereafter, although it was lower in the latter. 
DISCUSSION
The present study revealed the change in tissue distribution of vitamin A during the early and middle stage of vitamin A-depletion and showed that serum levels of vitamin A remained stable, that the hepatic and testicular content of the vitamin decreased, while the renal content increased.
It is widely accepted that animals and man have a homeostatic control mechanism for maintaining the blood level of vitamin A within a relatively narrow range over a widely varying dietary supply of the vitamin (16) . The liver is generally considered to play a pivotal role in this mechanism. Thus, it stores surplus vitamin A when an excess is given to animals in their diet (17) , and discharges the vitamin for supplying tissue needs when dietary intake decreases (18) . The results obtained in the present study are consistent with this view; serum vitamin A levels remained stable for at least 24 days on a deficient diet, when the hepatic reserve had declined to less than one-seventh of its initial value (Fig. 2b) . These findings will give further support to the view that the liver plays a pivotal role in maintaining blood vitamin A levels.
On the other hand, there are no reports presently available establishing the role the kidney may play in the regulation of vitamin A metabolism, although some relevant characteristics of this organ have been noted here and there. For example, it can be accepted a priori that the organ houses the final step(s) of vitamin A metabolism, based on the findings that major part of the radioactivity was recovered from urine and feces when radioactive retinoid was given to rats (19) . In an earlier study, High (2) suggested that at least during the later stage of vitamin Adepletion, the vitamin in the kidney may be important in meeting the physiological needs of rats, based on the finding that the renal concentration of vitamin A exceeded that in the liver in the later stage of vitamin A-depletion since the former decreased more slowly than the latter in these animals. The results obtained here are in agreement, in part, with these findings; the renal concentration of vitamin A exceeded that in the liver after 24 days on a vitamin A-deficient diet as described in the RESULTS section. However, it should be noted that in the present study both concentration and total content of the vitamin increased during at least the early and middle stages of vitamin A-depletion, whereas they decreased in High's study , although data were not collected in detail during this period (2) . The reason for this discrepancy remains obscure at present. It is also noteworthy that accumulation of vitamin A in the kidney began during the quite early stage of vitamin A-depletion, within a couple of days of initiation of the feeding of the deficient diet (Fig. 2d) . This finding seems to be consisting with the observation that replenishing the depleted rats with vitamin A caused a prompt decrease in renal content of the vitamin (Fig.  2d) . These results suggest the existence of an efficient mechanism for monitoring change in the exogenous supply of the vitamin. The physiological significance of all of these unique behaviors of renal vitamin A cannot be elucidated at present . It is tempting to speculate that the kidney plays an important role in conserving the vitamin when its exogenous supply to animals decreases. Vitamin A thus accumulated in this organ may be recirculated into blood as suggested by High (2) and Peterson et al. (20) . They suggested that retinol may be released from its carrier protein in the kidney, where the latter is catabolized, and then recirculated to the blood (20) .
Based on the mode of output of radioactivity into urine and feces after injection of 14C-retinol into vitamin A-depleted rats maintained on retinoic acid, Sundaresan (21) suggested the existence of three pools for retinol and/or its metabolites in various tissues in rats. The results obtained here that the kidney accumulated a significant amount of the vitamin in the early and middle stages of vitamin A-depletion will give further support to this view; kidney may house at least one of the three pools postulated by Sundaresan (21) .
The testis is considered to be a target organ of vitamin A because of the pivotal role the vitamin plays in spermatogenesis (22) and testosterone production (23) . However, little is known of the features of vitamin A metabolism in this tissue. In the present study it was shown that the total testicular content of vitamin A increased with increasing age even in the rats fed on a vitamin A-free diet, although the magnitude of increase was somewhat less in these rats than that in the control animals (Fig. 2c) . These results suggest that vitamin A is preferentially accumulated in the testicular tissue in order to satisfy its needs, even in the depleted animals, for facilitating near normal differentiation of its germinal epithelium and testosterone production. This view seems to be compatible with that proposed by Ahluwalia et al. (6) . Thus they suggested the existence of a blood/testis barrier which may restrict unlimited uptake of vitamin A when surplus vitamin is supplied from the diet, for maintaining the normal functioning of the organ. That the testicular content of vitamin A decreased in the depleted rats although its blood level remained stable throughout the experiment (Fig. 2a, 2c ) seems to contrast with the general concept that blood levels of vitamin A are maintained within a narrow range in order to facilitate a constant supply of the vitamin to peripheral tissues including the testes .
These results suggest that net flux of vitamin A through blood to peripheral tissues decreased, albeit its blood level was seemingly maintained at a constant level .
Further studies are required to examine this possibility .
